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Introductory Chapter: Basics 




Multifunctional advanced materials are the building block of new device for 
different application. In recent years research on different fields ranging from 
cross disciplinarity to multidisciplinary fields including nanotechnology, materials 
science, physical and biological, increases rapidly based on the growth and develop-
ment off new and novel materials. Concept of designing and fabricating new and 
exotic multifunctional materials relating to electronic, spintronics and magneto-
electric dated back to the original work [1, 2] of James Clerks Maxwell (1865) and 
M. Curie (1894). Among these materials, ferroelectric materials have got its own 
special technological status for its intriguing properties due to charge and exploit-
ing the coupling of charge with other basic material parameter through electric and 
magnetic field which make these materials very much promising for future genera-
tion devices based on electronics, photonics, opto-electronics and spintronics, etc.
1.1 Definition of ferroelectrics and its basics
Ferroelectrics are known by its stable polarization state [3, 4]. There is a hystere-
sis effect associated with ferroelectric materials [5–7]. Different type of interactions 
between electrical, thermal and mechanical properties shown by ferroelectric mate-
rials has wealth of functionalities. Ferroelectric materials behavior and properties 
changes with temperature, electric field, pressure, strain, etc. which make variety 
of application in different devices.
In addition, some basic requirements of a ferroelectric materials are enumerated 
as follows:
1.1.1 Symmetry
Ferroelectricity requires the condition of non-centro symmetric and allows an 
electric polarization [8].
1.1.2 Electrical properties
Ferroelectrics shows spontaneous electric polarization, which can switch  
direction with an applied electric field.
1.1.3 Chemistry of “d0-ness”
The ferroelectric materials with ABO3-type perovskite structure have d
0’ electron 
configuration on the B-site cation [8].
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1.1.4 Structural anisotropy and distortions
The structural anisotropy responsible for the ferroelectricity due to position 
of different ions in the crystal lattice [9]. In some cases, the distortion creates in 
materials due to the position of the certain ‘d’ orbital occupancies cations shows 
ferroelectricity [10]. These materials produce a ferroelectric state in a magnetically 
ordered state.
1.2 Types of ferroelectric materials
Depending on the mechanism of ferroelectricity, one can as well as single out 
four major types of ferroelectrics, although there are certainly others [11], which 
are ferroelectricity by mixed perovskite, ferroelectricity by ordering of lone pair 
d0 ions, ferroelectricity by charge ordered system, ferroelectricity by geometric 
arrangement of atoms and shown in (Figure 1).
In addition to above four types of ferroelectric material, there are other types of 
ferroelectrics.
1.2.1 Spiral type ferroelectrics
Specific magnetic spiral is responsible for ferroelectric (Ex. TbMnO3, Ni3V2O6, 
and MnWO4) [11].
Collinear Magnetic Structures ferroelectrics: In this materials ferroelectricity 
appears in collinear magnetic structure. These ferroelectrics are generally known as 
magnetically driven ferroelectrics [12]. The simplest example is Ca3CoMnO6.
1.3 Key challenges of ferroelectic materials
In order to bring these materials for applications, one has to control the state of 
the material system by phase control [13–15] or by domain control [16–18]. It is also 
evident from the literature that several theory and models are proposed to create 
Figure 1. 
(a) ferroelectricity by mixed perovskite, (b) ferroelectricity by ordering of lone pair d0 ions, (c) ferroelectricity 
by charge ordered system, and (d) ferroelectricity by geometric arrangement of atoms. Figure adopted from 
Khomskii D. [11].
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magnetically-induced ferroelectricity for electronic applications which are generally 
caused by the presence of spin–orbit interaction [19, 20]. In some cases, spin–orbit 
coupling is not a requisite [21, 22] rather ferroelectric distortion can cause a small 
magnetization which can apply to spintronic devices.
For long time there is active research going on ferroelectric materials, still the 
exact nature and value of spontaneous polarization for application in some of 
the ferroelectric materials is the matter of long-standing discussion [22]. On the 
other hand, the mechanism of ferroelectric phase transitions in some ferroelectric 
materials is not understood clearly and information related to its properties are also 
not available [23]. Therefore, it is the need of the hour to study and develop novel 
ferroelectric material for applications.
1.4 Application of ferroelectric materials
Ferroelectric materials show interesting behavior and properties which can 
be manipulated for design and development of different types of devices. These 
materials can be used in information storage, spintronic, computing, communica-
tions, memories, actutators, motors and sensors [24, 25]. Ferroelectric materials can 
be used as insulators and semiconductor process integration materials in industry 
[26–29]. Recent success studies on ferroelectric materials for integrated circuits cre-
ates great interest in researcher for development of new ferroelectric materials with 
different functionalities [30] and address the problem associated with the materials 
for applications. Still there is plenty of opportunities ahead for ferroelectric mate-
rial for wide variety of applications.
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